Taxane-containing induction chemotherapy followed by definitive chemoradiotherapy
Outcome in patients with locally advanced head and neck cancer Radiotherapy (RT) and concomitant chemotherapy is currently regarded as the standard of care for unresectable locally advanced squamous cell carcinoma of the head and neck (HNSCC) with an absolute improvement of 8% in 5-year survival due to concomitant chemotherapy [1] . In order to increase the outcome of patients with HNSCC, other attempts such as altered fractionated RT [2, 3] or induction chemotherapy have been explored. The non-inferiority of induction chemotherapy followed by RT vs. surgery and postoperative RT has been demonstrated for hypopharyngeal cancer [4] . Recently, the addition of taxanes to induction chemotherapy was investigated by the trials TAX 324 (induction chemotherapy followed by chemoradiotherapy) and EORTC 24971/ TAX 323 (induction chemotherapy followed by RT), which both showed a survival benefit of docetaxel, cisplatin, and fluorouracil (5-FU; TPF) vs. cisplatin and 5-FU (PF) induction [5, 6] . Acute RT-related toxicity was deemed equal between the two respective treatment arms in both studies. Results from a phase II trial in Italy testing TPF induction chemotherapy followed by chemoradiotherapy vs. direct chemoradiotherapy are available suggesting a possible overall survival (OS) benefit for induction chemotherapy with similar acute RT-related toxicity rates [7] . Results from recently published phase III trials comparing induction chemotherapy with direct chemoradiation or surgery plus adjuvant chemoradiation, however, failed to demonstrate a survival benefit in favor of induction chemotherapy [8, 9, 10] .
In our clinic, patients were referred for induction chemotherapy in case of bulky and/or rapidly progressive primary tumors or lymph nodes where resection was not feasible. The intention was to treat rapidly local tumor growth and ameliorate symptoms like pain and nutritional status. The standard regimen was two to three cycles of induction chemotherapy. To achieve a maximal tumor control, concomitant cisplatin was designated as systemic agent. We report on the toxicity and oncological outcome after induction chemotherapy with TPF and chemoradiotherapy using cisplatin as concomitant agent in conjunction with state-of-the-art IMRT in patients with bulky tumors.
Patients and methods

Patients and treatment
The data of 40 patients who underwent at least one cycle of induction chemotherapy and were scheduled for definitive chemoradiotherapy between July 2004 and November 2010 were retrospectively analyzed. The study was approved by the local Ethics Committee. Clinical staging was based on radiologic findings as well as clinical examination. The case of each patient was discussed in an interdisciplinary tumor board. Most patients had bulky unresectable disease. In 3 patients with smaller but rapidly progressive tumors, one cycle of induction chemotherapy was given to prevent tumor growth during RT planning. Induction chemotherapy consisted of docetaxel at a dose of 75 mg/m 2 followed by cisplatin 75 mg/m 2 and fluorouracil 1,000 mg/m 2 as continuous infusion for 4 days.
For treatment planning, a dedicated computed tomography (CT) scan with intravenous contrast material was used. Patients were immobilized in supine position using a thermoplastic mask covering the head and shoulders. Target delineation was based on the pre-induction size and location of the tumor. We defined two different risk levels of clinical target volume (CTV): CTV72 comprised all gross tumor with an isotropic margin of 10-12 mm and was treated to 72 Gy; CTV54 included elective areas and was treated to 54 Gy. The resulting CTVs were expanded to planning target volumes (PTVs) by adding a symmetric 3-mm margin. The definition of elective nodal target volumes followed the recommendations proposed by Eisbruch et al. [11] . The PTVs were treated sequentially with a fractionation of 5 times 2 Gy per week. Preferably, two to three cycles of cisplatin 100 mg/m 2 triweekly was applied as concurrent agent. Cetuximab or carboplatin was used alternatively. The prophylactic placement of a percutaneous endoscopic gastrostomy before chemoradiotherapy was recommended to every patient.
Assessments and evaluations
Remission after induction chemotherapy was assessed according to WHO criteria by a dedicated head and neck radiologist. Follow-up visits were arranged every 3-6 months for the first 2 years and biyearly thereafter. Toxicity during induction chemotherapy was graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. Only grade 3 or higher toxicity was taken into account. Acute and late RT-related toxicity was graded using the Radiation Therapy Oncology Group (RTOG) Radiation Morbidity Scoring Criteria. Additionally, treatment interruptions during chemoradiation and the time of feeding tube in situ were calculated.
Statistical considerations
The primary objective of the study was to assess acute and late RT-related toxicity including treatment gaps during chemoradiotherapy; secondary objectives were response to induction chemotherapy, locoregional recurrence-free survival (LR-RFS), overall survival (OS), and relevant influencing factors for LRRFS and OS. Descriptive statistics included absolute and relative frequencies for categorical variables, and the median and range for quantitative variables. All time-to-event end points were calculated from the start of induction chemotherapy. Survival rates were calculated using the Kaplan-Meier product limit methodology. The influence of good response to induction chemotherapy [complete remission (cR) and partial remission (pR)] vs. no response (no change) on LRRFS and OS was compared using a two-sided log-rank test. Univariate Cox regression analysis was used to study the influence of risk factors on LR-RFS and OS. A p value of <0.05 was considered statistically significant. Statistical analysis was performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA).
Results
Patient characteristics
Patient characteristics are summarized in . Tab. 1. Initial staging consisted of magnetic resonance imaging (MRI) or CT; 21 patients additionally underwent positron emission tomography (PET)/CT. Three patients underwent neck dissection after induction chemotherapy, one patient before. The median follow-up for surviving patients was 21 months (range, 2-53.0 months). The median tumor volume was 65 ml, with 75% of patients presenting tumors larger than 30 ml.
Induction chemotherapy, toxicity, and response 
Chemoradiotherapy, RT-related toxicity, and outcome
The median time from the last cycle of induction chemotherapy to the start of RT was 45 days (range, 0-203 days). One patient first refused RT and then started 7 months after induction chemotherapy. Four patients had interruptions of RT related to acute toxicity of 5 days. One patient died during chemoradiotherapy because of a feeding tube-related infection after the first cycle of cisplatin. Data for acute and late RT-related toxicity were available for 33 and 27 patients, respectively. The results are summarized in . Tab. 2 and . Tab. 3. Eight patients (23%) received gastrostomy prior to RT because of swallowing deficits, 12 patients (35%) had prophylactic feeding tube placement at the beginning of RT. The median time of feeding tube in situ was 12 months (range, 2-38 months).
Five patients experienced local recurrence; 1 a local tumor persistence, 2 merely regional recurrence, and 4 patients had both local and regional recurrence. The 3 patients not undergoing chemoradiotherapy were taken into account as tumor persistence. At 1 and 2 years, LRRFS was 72, and 49%, respectively. The influence of risk factors on LRRFS is shown in . Fig. 1 and . Tab. 4.
Four patients developed distant metastasis 6, 7, 14, and 20 months after treatment, respectively. All but one of these patients had an earlier locoregional recurrence.
A total of 13 deaths were noted. Besides 3 patients who died before undergoing chemoradiotherapy, 2 patients with deterioration of general condition under induction chemotherapy and 1 patient refusing RT subsequently underwent palliative therapy and eventually died of tumor progression. One patient died during chemoradiotherapy of a feeding tube complication and 6 patients died during follow-up, 5 because of tumor progression, 1 of pulmonary disease.
One-and 2-year OS was 77 and 71%, respectively, with a median OS of 34 months. The analysis of risk factors on OS is shown in . Fig. 2 and . Tab. 5.
Discussion
We identified considerable rates of RT-related acute and late toxicities after induction chemotherapy followed by chemoradiotherapy in our selected patient cohort with unresectable locally advanced HN- SCC. Acute grade 3 dysphagia was present in 67% of patients and grade 3 mucositis in 21%. Very high rates of acute toxicity have been reported in an analysis of patients undergoing TPF induction chemotherapy followed by 3D conformal chemoradiotherapy with grade 3 skin toxicity in 73% and grade 3 mucosal toxicity in 85% of patients [12] . The development of IMRT significantly reduced xerostomia when compared to 3D-CRT in a randomized controlled trial [13] . Recently, a large retrospective trial showed that both techniques yielded the same locoregional control and overall survival but with significantly less toxicity when using IMRT [14] . In a direct comparison of TPF induction followed by chemoradiotherapy vs. direct chemoradiotherapy, equal rates of grade 3/4 dysphagia in 21% vs. 20% and mucositis in 28% vs. 37% of patients were found [7] , which are considerably lower than in our study. However, the RT technique was not stated and an uncommon score was used impairing direct comparison. In our study, all patients but one undergoing chemoradiotherapy completed RT as prescribed. This compares favorably to TAX 324, where 21% of patients in the TPF arm did not receive full RT [5] .
To avoid toxicity-related treatment breaks, use of gastrostomy feeding tubes during irradiation of advanced HNSSC is standard in our institution, even though this procedure has been discussed controversially [15] . Patients received pain medication and dedicated skin care. When necessary, patients were hospitalized to administer i.v. fluids. In our cohort, only 4 patients (12%) had toxicity-related treatment interruptions of 5 days, known to be associated with decreased survival [16] . This is within the range of 10% found in conventional chemoradiotherapy [17] . During chemoradiotherapy, 38% of the patients received three cycles of cisplatin, 32% received two cycles. A retrospective analysis of patients treated by the same regimen found results of 5% receiving three cycles, 61% receiving two cycles, and 29% receiving one cycle of concurrent cisplatin [12] . These rates are considerably lower than reported in the standard RTOG 91-11 study [18] . Induction chemotherapy thus seems to impair concomitant chemotherapy with cisplatin, but not the delivery of RT once started.
Data on late toxicity after induction chemotherapy followed by chemoradiotherapy for HNSCC are sparse. Our rates of late RT-related toxicity of 44% grade 2, 19% grade 3, and 15% grade 4 are comparable with the data in other publications. Van Gestel et al. [19] described late toxicity of any grade in 16 of 18 patients treated with induction chemotherapy followed by chemoradiotherapy, mainly xerostomia. In a long-term analysis of the TAX 324 tri- al, only half of the surviving patients could be assessed for the surrogate parameter of presence of tracheotomy (7%) and feeding tube dependency (3%) [20] . A recent long-term analysis after concurrent hyperfractionated RT vs. hyperfractionated RT alone found grade 3 dysphagia in 24% and grade 4 in 3% of patients in the combined treatment arm [21] . In our patient cohort, osteoradionecrosis of the mandible and necrosis of laryngeal cartilage presented the most severe late toxicity. Surgical interventions like debridement or even resection and tracheotomy might become necessary, but were not observed in our patient cohort.
In our series after induction chemotherapy, we observed a cR in 10% of patients, pR in 68% of patients, and no change in 20% of patients. The TAX 324 group reported a slightly higher overall response rate after induction chemotherapy of 72% in the TPF group. The percentage of patients with a complete response was 17% in the TPF group [5] .
We found an LRRFS at 1 and 2 years of 72 and 49%, respectively. The OS rate was 77% at 1 year and 71% at 2 years, with median OS being 34 months. The TAX 324 study group [5] found a median OS of 59 months and a 3 year-OS of 62% for stage 4 patients treated with TPF induction. PFS was 49% at 3 years. The phase II study of Paccagnella comparing induction chemotherapy vs. direct chemoradiotherapy [7] suggested a prolonged OS of 61% vs. 57% and PFS of 56% vs. 45% at 2 years in favor of TPF induction. However, in the recently published abstracts of the DeCIDE and PARADIGM phase III trials comparing induction chemotherapy with direct chemoradiotherapy, no benefit in OS (75% vs. 73% at 24 months and 73% vs. 78% at 36 months) or PFS (67% vs. 73% at 36 months) was found [8, 9] . The same applies for induction chemotherapy followed by surgery and adjuvant chemoradiotherapy [10] . The issue of tumor load as an independent risk factor for outcome in HNSCC has been shown in the literature [22] and was confirmed in our study (. Tab. 4). The relevance of induction chemotherapy with respect to gross tumor volume remains unclear. Older phase III trials investigating the role of induction chemotherapy found no benefit for local control and OS, but a significant decrease in distant failure [23] . Distant metastasis occurred in our collective mainly after locoregional recurrence in 10% of patients; one solely distant failure was seen (2.5%). The DeCIDE trial found a lower cumulative incidence of distant failure in the induction chemotherapy arm, but this did not translate into OS benefit. Patients treated with standard chemoradiotherapy showed a rate of distant failure between 7% at 20 months [23] and 25.3% at 3 years [17] . These data need careful interpretation, as patients with an uncontrollable locoregional recurrence are usually not screened for distant metastases.
In the current study, we found an OS benefit for patients with good response to induction chemotherapy (p=0.04), with a trend regarding locoregional control. Kaplan-Meier plots demonstrate a clear separation of the survival curves according to response on induction therapy. The better OS in spite of nonsignificant differences in LRRFS for good response might be related to the fact that patients with good remission had longer survival with palliative chemotherapy (4 patients) and RT (2 patients) The most important influence on outcome was seen for performance score, stressing the importance of clinical patient evaluation. This aspect is well known from direct chemoradiation [24] . Remarkably, 3 patients (7%) died in the interval between induction chemotherapy and the start of RT with one death directly attributable to sepsis in neutropenia; 1 patient died during RT. Fewer fatal complications were reported in prospective trials [5, 7] , which may be related to the stricter inclusion criteria concerning performance score and comorbidity. However, the DeCIDE trial showed three deaths (3.5%) during induction and nine (10%) during subsequent chemoradiation as opposed to four deaths in direct chemoradiation [8] .
Owing to the relatively short follow-up and the retrospective nature of this study, our results should be considered as the hypothetic base for further studies with longer follow-up.
Conclusion
TPF induction chemotherapy followed by chemoradiotherapy outside a study protocol is associated with a high rate of acute and late RT-related toxicities. In our study 4 patients were lost because of fatal complications, at least 1 of them with a direct link to chemotherapy-induced neutropenia. Induction chemotherapy did not compromise the delivery of fulldose RT; however, the use of three cycles of concomitant cisplatin was impaired.
